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ABSTRACT
We search for environmental dependence of the HI mass function in the ALFALFA
70% catalogue. The catalogue is split into quartiles of environment density based
on the projected neighbour density of neighbours found in both SDSS and 2MRS
volume limited reference catalogues. We find the Schechter function ‘knee’ mass to be
dependent on environment, with the value of log(M∗/M⊙) shifting from 9.81±0.02 to
10.00±0.03 between the lowest and highest density quartiles. However, this dependence
was only observed when defining environment based on the SDSS reference catalogue,
not 2MRS. We interpret these results as meaning that the local environment is the
dominant cause of the shift in M∗, and that the larger scales that 2MRS probes
(compared to SDSS) are almost irrelevant. In addition, we also use a fixed aperture
method to probe environment, and find tentative evidence that HI-deficiency depresses
the value of M∗ in the highest density regions. We find no significant dependence of
the low-mass slope on environment in any test, using either method. Tensions between
these results and those from the literature, are discussed and alternative explanations
are explored.
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1 INTRODUCTION
The HI mass function (HIMF) is the density distribution of
HI masses of galaxies in the Universe and represents a key
component in understanding how collapsed structures form.
HI surveys are complementary to optical surveys, and the
galaxy luminosity functions they deliver, because they have
fundamentally different selection effects and thus detect a
different component of the underlying galaxy population.
Together the luminosity functions and mass functions that
these surveys calculate offer important constraints on the
population of galaxies that simulations of structure forma-
tion generate.
Detailed studies of the HIMF have only become possible
in the last decade or so, as previously sample sizes were too
small and selection effects too poorly understood. With the
advent of wide area, blind surveys like HIPASS (HI Parkes
All Sky Survey; Barnes et al. 2001) and ALFALFA (Arecibo
Legacy Fast ALFA survey; Giovanelli et al. 2005) precise de-
termination of the HIMF in the local Universe has become
possible, with both HIPASS and ALFALFA (Martin et al.
⋆ E-mail: jonesmg@astro.cornell.edu
2010; Zwaan et al. 2005) indicating that the HIMF is well
fit by a Schechter function (an analytic expression for the
mass distribution of collapsed objects in an expanding uni-
verse, Press & Schechter 1974; Schechter 1976), with a low-
mass slope of approximately -1.3 and a ‘knee’ mass of almost
1010 M⊙. The large area and source counts of these surveys
have also allowed studies of environmental dependence that
are not restricted to 10s or 100s of objects and a handful of
nearby groups.
Although many studies looking for environmen-
tal dependence have been carried out (for exam-
ple Moorman et al. 2014; Rosenberg & Schneider 2002;
Springob, Haynes & Giovanelli 2005; Stierwalt et al. 2009;
Zwaan et al. 2005), it is still important to ask why any en-
vironmental dependence is expected at all? There are many
processes and properties that are known to depend on a
galaxy’s environment, here we will briefly discuss a few that
we expect to be the most influential on a galaxy’s HI con-
tent. First, due to their mass and tendency to cluster, more
massive dark matter (DM) halos are generally found in more
overdense regions. Thus, the ‘knee’ mass (M∗) of a Schechter
function fit to the HIMF, would be expected to increase to-
wards more dense regions of the Universe. Secondly, voids
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can be considered as more slowly evolving sections of our
Universe (Peebles 2001; Tinker & Conroy 2009). This means
that by isolating the void galaxies in a sample, you are effec-
tively probing the HIMF at a previous time, where systems
are likely to be lower mass and more numerous, assuming a
hierarchical model of galaxy formation. Therefore, it would
be expected that the low-mass slope would steepen within
lower density regions. In addition to these two effects, in the
most dense regions (galaxy clusters) galaxies will be unable
to retain their neutral gas due to the harassment and ram
pressure stripping they experience, and so might be expected
to be HI-deficient with respect to galaxies in the field; while
galaxies in voids are likely more prone to background UV
heating than those in the field (Hoeft et al. 2006). Given all
of the above, some environmental dependence in the shape of
the HIMF is expected, however there are numerous compet-
ing affects, making the exact nature of the dependence diffi-
cult to predict. To complicate matters further, most studies
have thus far produced marginal and/or conflicting results.
Using the Arecibo Dual Beam Survey (ADBS;
Rosenberg & Schneider 2000) Rosenberg & Schneider
(2002) found that the HIMF low-mass slope (α) was flatter
in Virgo than the ∼-1.5 value found in the rest of the survey.
However, the paper points out that small number statistics
and distance errors make their results somewhat uncertain.
Springob, Haynes & Giovanelli (2005) also found (at low
significance) that both α and M∗ decrease in high density
environments, from their analysis of an optically selected
sample from the Arecibo General Catalog (Springob et al.
2005). However, more recently, Stierwalt et al. (2009) used
an early ALFALFA release to show essentially the opposite
result, that the low-mass slope in the dense Leo region
was steeper than other measurements of the HIMF at the
time (though, given the quoted error, is now consistent
with that of the global ALFALFA HIMF; Martin et al.
2010). There are also a number or other results from
surveys of individual groups (Freeland, Stilp & Wilcots
2009; Kovac, Oosterloo & van der Hulst 2005; Pisano et al.
2011; Verheijen et al. 2001) which generally imply that the
low-mass slope is flatter in galaxy groups.
Zwaan et al. (2005) concluded that α steepened in high
density environments, based on data from HIPASS. How-
ever, unlike all other studies, the proximity to other HI
galaxies was used to define environment (rather than an op-
tically selected reference catalogue). HI surveys are known
to be incomplete for galaxies in the densest environments,
which combined with the fact that HIPASS is not a vol-
ume limited catalogue, makes a comparison with this result
difficult; but we note that attempting to perform a simi-
lar experiment with ALFALFA did not result in any ap-
parent environmental dependence in the HIMF. Most re-
cently Moorman et al. (2014) used the 40% ALFALFA cat-
alogue (α.40) to search for environmental dependence based
on void and wall regions defined using the method devised
by Hoyle & Vogeley (2002). They found no evidence of any
change in α, but contrary to Springob, Haynes & Giovanelli
(2005) M∗ was found to increase in denser regions. This
represents the most statistically significant result of large
scale environmental dependence in the HIMF to date, which
is in part due to the greatly larger sample size that AL-
FALFA provides. Since that study, data from 30% more of
ALFALFA’s nominal area (∼7,000 deg2) have been reduced,
and ∼7,000 additional high signal-to-noise HI sources have
been extracted.
In this paper we choose to focus on a local definition
of galaxy environment, rather than defining voids, walls and
clusters, for two reasons. First, because the majority of the
additional 30% added to the ALFALFA catalogue since the
Moorman et al. (2014) study is not within the SDSS (Sloan
Digital Sky Survey) spectroscopic footprint, making defining
voids problematic; and secondly because related optical and
theoretical works (Berlind et al. 2005; Blanton et al. 2006;
Tinker & Conroy 2009) find that galaxy properties are most
closely related to a galaxy’s host halo, and may even be al-
most independent of its large scale environment. Obviously
the two are not independent, but if a galaxy’s properties
depend mostly on its host halo mass rather than its “as-
sembly bias” (the idea that haloes of a given mass, but
which assemble at different times, will cluster differently,
e.g. see Wechsler et al. 2006), then the strongest signal of
any change in the mass function would presumably arise
from a measure of local environment, rather than large scale
structure (LSS).
We use a combination of SDSS data release 8
(Aihara et al. 2011) and the 2MASS Redshift Survey
(2MRS; Huchra et al. 2012) as reference catalogues to define
the local density of ALFALFA galaxies based on the sepa-
ration of their projected nearest neighbours in these cata-
logues. This allows us to split the HI sources into quartiles of
differing environment and calculate the HIMF for each envi-
ronment separately. 2MRS allows us to make use of the full
ALFALFA 70% sample, while the superior depth of SDSS
permits smaller scale environments to be probed.
In the following section we give a brief overview of the
ALFALFA survey, in §3 we describe our definitions of envi-
ronment, §4 outlines how the HIMF is calculated, and our
results are presented in §5. The implications of these results
are discussed in §6, and finally we draw our conclusions in
§7.
2 THE ALFALFA SAMPLE
Observations for the main ALFALFA survey were completed
in October 2012 after over 7 years of observing with the 305
m Arecibo radio telescope in Puerto Rico. The final AL-
FALFA footprint covers approximately 6,900 deg2 on the
sky, and is broken up into two contiguous regions: one ranges
from ∼7.5 hr RA to ∼16.5 hr RA in the Arecibo Spring sky,
and the other from ∼22 hr RA to ∼3 hr RA in the Arecibo
Fall sky. While the Spring ALFALFA region has almost com-
plete overlap with SDSS spectroscopy, in the Fall sky there
are only a few stripes where spectra are available. The drift
scan observing strategy of ALFALFA proved extremely suc-
cessful with over 95% of observing time spent with the “shut-
ter open”, including all start-up, shutdown and calibration
procedures. A matched filtering algorithm (Saintonge 2007)
is used to help identify sources, but all ALFALFA spectra are
ultimately extracted by a person, and the current progress is
over 70% complete, yielding over 20,000 high signal-to-noise
(S/N) sources and counting. Over 99% of these HI sources
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have identified optical counterparts (with matching redshifts
where optical spectra exist).1
In order to calculate the HIMF it is essential to have
HI masses for the ALFALFA sources, which in turn neces-
sitates distance measurements for every source. ALFALFA
uses a flow model developed by Masters (2005) to convert
recessional velocities below 6,000 kms−1 to distances. Dis-
tances to galaxies beyond 6,000 km s−1 are calculated in-
stead assuming Hubble flow, with H0 = 70 km s
−1Mpc−1.
In addition, 303 sources are assigned to regions of the Virgo
cluster by matching to the VCC (Virgo Cluster Catalog;
Binggeli, Sandage & Tammann 1985), 1,130 sources are as-
signed to groups from 2MRS (Crook et al. 2007) and given
the mean velocity of the group members, and 63 (1,646)
sources are given their primary (secondary) distances from
the literature. Note that in this article we only consider
galaxies in the 70% ALFALFA catalogue within the range
of distances 1,000-15,000 km s−1/H0.
Once distances to ALFALFA galaxies have been calcu-
lated, their HI masses can be computed through the usual
equation:
MHI
M⊙
= 2.356 × 105D2MpcS21 . (1)
In the equation above, DMpc is the distance to the galaxy
in Mpc and S21 is its integrated flux in Jy km s
−1.
3 QUANTIFYING ENVIRONMENT
The term ‘environment’ has no objective definition, and
different studies have used drastically different methods
to describe it quantitatively. On one extreme we can find
techniques that characterise the environment based on
the morphology of the cosmic web, classifying galaxies as
void, wall, and filament objects (e.g. Hoyle et al. 2005;
Hoyle & Vogeley 2004; Rojas et al. 2004). On the other ex-
treme, it is possible to characterise the most immediate sur-
roundings of a galaxy based on its status as a central or
satellite galaxy (e.g. Carollo et al. 2013). In this article we
choose to study the dependence of the HIMF on the local
environment of ALFALFA sources, as traced by the proxim-
ity of neighbouring galaxies. More specifically, we employ the
widely-used nearest neighbour (NN) and fixed aperture (FA)
methods to quantify the environment (e.g. Muldrew et al.
2012). The former method calculates a local density based
on the distance between the target galaxy and its N th near-
est neighbour. The latter is instead based on the number of
objects found within a region of fixed size surrounding the
target galaxy.
Each method of environment characterisation has its
own set of advantages and drawbacks, and there are often
trade-offs between a method’s physical motivation and its
simplicity. Our choice to use the NN and FA methods is
based on the fact that these two methods are purely obser-
vational, and have a clear and intuitive definition. Sections
3.1–3.3 below contain a detailed description of the methods’
implementation in the context of the ALFALFA sample.
1 The ALFALFA 70% catalogue is publicly available at
http://egg.astro.cornell.edu/alfalfa/data/index.php
3.1 An external reference catalogue for
environment characterisation
The simplest way to find neighbouring galaxies for the AL-
FALFA sources would be to search within the ALFALFA
catalogue itself. This approach has been previously used by
Zwaan et al. (2005) to measure the environment of galax-
ies detected by the HIPASS blind HI survey. Even though
straightforward, this methodology comes with two impor-
tant observational disadvantages. First, any blind HI survey
produces a nearly flux-limited2 sample. As the left panel of
Figure 1 shows, the number of detections in such a sample
drops in the outer parts of the survey, since only the most
HI massive galaxies remain visible at these large distances.
Consequently, a bias is introduced in the measurement of
environment, whereby galaxies appear systematically more
isolated with increasing distance. Second, galaxies located
in the central regions of clusters and rich groups are known
to be HI-deficient with respect to their peers in the field
(Haynes, Giovanelli & Chincarini 1984, for a review). This
means that HI-selected samples are biased against the high-
est density regions of the cosmic web. This effect can be
clearly seen either directly in the spatial distribution of AL-
FALFA galaxies near clusters (see figure 6 in Haynes et al.
2011), or indirectly in the clustering properties and the
colour-magnitude diagram of ALFALFA galaxies (see figure
20 in Papastergis et al. 2013 and figure 10 in Huang et al.
2012, respectively).
In this article we remedy these shortcomings by defining
the environment of ALFALFA galaxies based on an external
reference catalogue. The catalogue we use has two important
properties:
(i) It is optically selected. In particular, we use galaxies
from the spectroscopic database of the eighth data release
of the Sloan Digital Sky Survey (SDSS DR8; Aihara et al.
2011). This property ensures that we trace the environment
well even in high density regions where gas-deficiency be-
comes an issue.
(ii) It is volume-limited. We include in the reference cat-
alogue only galaxies that are brighter than Mr = −18.9.
Given the apparent magnitude limit for the SDSS spectro-
scopic sample (mr = 17.75) and the maximum distance
cut for the ALFALFA sample (≈214 Mpc), these galaxies
are bright enough to constitute a volume-complete sample
within the ALFALFA volume. In turn, this ensures that
environment is measured consistently regardless of the dis-
tance at which the ALFALFA galaxy is located.
The right panel of figure 1 shows the spatial distribu-
tion of the SDSS reference catalogue. As expected from its
volume-limited nature, the number of objects in the ref-
erence catalogue grows steadily with increasing distance.
Note that in order to avoid edge effects, the reference cata-
logue is slightly more extended in the radial direction than
the ALFALFA sample, covering the distance range 500 –
15,500 kms−1/H0. We remind the reader that distance cuts
2 In reality, the detection limit of a blind HI survey depends both
on the integrated flux and the width of a galaxy’s HI profile (see
section 6 in Haynes et al. 2011). However, the width dependence
of the detection limit is mild enough such that the detectability
of a galaxy by ALFALFA depends primarily on its HI mass.
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Figure 1. Left panel : Coneplot of ALFALFA galaxies in the Spring region of the sky. Right panel : Coneplot of the SDSS galaxies in the
reference volume-limited catalogue, within the same volume as the ALFALFA sample. The environment of each ALFALFA galaxy in the
left panel is calculated based on the position of neighbours in the reference catalogue shown in the right panel (refer to §3.1 for details).
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Figure 2. The sky positions of the sources in the ALFALFA
1,000-15,000 km s−1 sample (small blue points), and the 500-
15,500 km s−1 SDSS reference catalogue (large, overlapping grey
points). The thick red line is the cut that is applied to the AL-
FALFA sample when comparing with SDSS, in order to ensure
there is more than complete overlap.
are quoted in terms of recessional velocity, but they actu-
ally refer to distances that are estimated as described in
§2. In order to avoid edge effects in the plane of the sky
as well, the reference catalogue must have more than com-
plete sky overlap with the ALFALFA sample. Figure 2 shows
the footprints of the ALFALFA sample and the SDSS refer-
ence catalogue in the Spring region of the sky, and details
the complicated sky mask that is necessary to maximise the
number of ALFALFA galaxies while maintaining high lev-
els of overlap with the reference catalogue. Keep in mind
that, given the poor spectral coverage of SDSS in the Fall
region of the sky, a different reference catalogue is necessary
to study the 70% ALFALFA sample over its full sky extent
(see §3.4).
Defining environment in this way, based on a volume-
limited reference catalogue avoids the need to place harsh
flux cuts on the ALFALFA sample (to make it volume-
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Figure 3. Histogram of the 3rd nearest neighbour density, Σ3,
for ALFALFA galaxies. The density of each ALFALFA galaxy is
calculated based on the proximity of neighbouring objects in an
SDSS volume-limited reference catalogue (refer to §3.1 & §3.2).
Different colours and hatching styles mark the four quartiles of
the distribution, which from light blue to dark red (light to dark
colours, and left to right) contain galaxies situated in progres-
sively denser environments.
limited), as its sensitivity and completeness are well under-
stood (Haynes et al. 2011) and can be corrected for inde-
pendently of our external definition of environment, as will
be described in §4.
3.2 Nearest Neighbour Environment
We calculate a nearest neighbour density for each ALFALFA
galaxy based on the projected distance to the third closest
galaxy in the reference SDSS catalogue. First, we record
the sky position of all objects in the reference catalogue
that have a recessional velocity within ±500 kms−1 from
the recessional velocity of the target ALFALFA galaxy. We
then identify the third nearest object in the plane of the
c© 0000 RAS, MNRAS 000, 000–000
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Figure 4. Coneplots of ALFALFA galaxies belonging to the lowest density quartile (left panel) and highest density quartile (right panel)
of the nearest neighbour density distribution (see figure 3). Note the marked difference in clustering between these two environmental
subsamples.
sky, and calculate its projected separation at the distance of
the ALFALFA galaxy, R3. The projected nearest neighbour
density can then be calculated as
Σ3 =
3
piR23
. (2)
When identifying neighbours, we exclude any object
in the reference catalogue that is located within 5 arcsec
and ±70 kms−1 from the ALFALFA galaxy; such an ob-
ject corresponds (almost always) to the counterpart of the
ALFALFA galaxy in SDSS. Throughout this article, Σ3 will
be used to characterise the local environment via the NN
method, and will often be referred to as simply ‘the envi-
ronment’ or ‘local density’.
Figure 3 shows the distribution of Σ3 for the ALFALFA
galaxies. Based on the distribution’s approximately lognor-
mal shape, we divide the ALFALFA sample into four quar-
tiles which contain objects residing in increasingly denser
environments. Figure 4 shows coneplots of the ALFALFA
galaxies belonging to the lowest and highest density quartile
(left and right panel, respectively). Reassuringly, the differ-
ence in clustering between the two environmental subsam-
ples is clearly visible by eye. Sources in the densest environ-
ment are grouped together in clumps and filaments, whereas
the sources in the least dense environment are distributed
almost uniformly in space. This is an excellent indication
that the NN method is splitting the ALFALFA galaxies into
environmental subsamples in a sensible way.
3.3 Fixed Aperture Environment
In addition to the NN method described above, we also
adopt a fixed aperture approach as a complementary way
to measure the environment of ALFALFA galaxies. In par-
ticular, we count the number of galaxies in the reference
catalogue that lie within a radius of 1 Mpc and a velocity
range of ±500 kms−1 from the position and velocity of our
target ALFALFA galaxy. The fixed aperture environment
is thus characterised simply by a natural number, NFA. As
with the nearest neighbour method, we exclude possible op-
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Figure 5. Histogram of the number of SDSS neighbours within
the fixed aperture, NFA, for galaxies in the ALFALFA sample
(see §3.3). The green (leftmost) bar denotes the lowest density
subsample, NFA= 0. The crimson, purple and black bars (left
to right) represent instead the ALFALFA galaxies located in the
densest 25%, 10% and 5% environments, according to the fixed
aperture method (NFA≥ 3, NFA≥ 6 and NFA≥ 9, respectively).
Note that these three all overlap as the densest 25% includes
both the densest 10% and 5%. The final bin contains counts for
all ALFALFA sources with 20 or more SDSS neighbours within
the fixed aperture. The white bars correspond to galaxies with
0 <NFA< 3.
tical counterparts from the count (any object that is within
5′′ and ±70 kms−1 from the ALFALFA galaxy).
Figure 5 shows the distribution of fixed aperture en-
vironment, NFA, for the ALFALFA sample. Unlike in the
case of nearest neighbour densities, the distribution of NFA
has a power law form. This means that the fixed aperture
method provides a rather coarse description of environment
at low densities; for example, the lowest FA density subsam-
ple (NFA= 0) contains already 38% of the total sample. On
the other hand, the FA method is better for isolating the
ALFALFA galaxies that reside in the highest density envi-
c© 0000 RAS, MNRAS 000, 000–000
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ronments. The preceding points are visually demonstrated
by the two coneplots in Figure 6: The left panel shows the
lowest FA density subsample of ALFALFA. This sample is
successful at tracing low density environments in general,
but cannot discriminate between galaxies located in voids
and galaxies located in parts of filaments with low local den-
sity. On the other hand, the right panel shows the top 5% of
ALFALFA galaxies in terms of FA density (NFA≥ 9). This
latter sample does an excellent job at tracing the locations
of the largest clusters and groups in the survey volume.
3.4 2MRS Nearest Neighbour Environment
In order to study the environment of the 70% ALFALFA
sample in both the Spring and Fall regions of the sky, we
need a reference catalogue that covers the entire celestial
sphere. To this end, we follow the same approach described
in §3.1, but now using the all-sky 2MASS Redshift Survey
(2MRS) as reference. We select galaxies in the 2MRS that
are brighter in the K-band than MK = −24.9. Given the
2MRS apparent magnitude limit of mK = 11.75, this cut
makes the 2MRS catalogue volume-limited over the entire
volume probed by ALFALFA out to 15,000 km s−1/H0.
Compared to the SDSS spectroscopic survey, the 2MRS
survey is much shallower. This means that the 2MRS-based
reference catalogue is limited to much brighter objects than
the SDSS-based one, and consequently it is much sparser in
space. This fact affects the way in which environment is mea-
sured with the nearest neighbour method. In particular, the
third nearest neighbour in the 2MRS catalogue is usually so
far apart from the target ALFALFA galaxy that it does not
provide a good measure of local environment. As a result,
when using the 2MRS catalogue as reference we calculate lo-
cal densities based on the distance to the nearest neighbour,
R1; the corresponding density is then Σ1 = 1/piR
2
1.
Figure 7 shows the distribution of Σ1 for the full AL-
FALFA sample. We follow the same process described in
§3.2 and split the distribution into four quartiles, contain-
ing galaxies located in progressively denser environments.
Note that despite the change in nearest neighbour rank, the
scale over which environment is probed by 2MRS is still
larger than in the SDSS case. This is evident by the shift
in the location of the distribution peak between figures 3
and 7; the former peaks at ∼0.16 Mpc−2, and the latter at
∼0.01 Mpc−2. The difference in scale over which environ-
ment is probed is also reflected in the spatial distribution of
the 2MRS environmental subsamples. This is clearly visible
in Figure 8, which plots the spatial distribution of the lowest
and highest density 2MRS quartiles (left and right panel, re-
spectively). By comparing with the corresponding panels in
figure 4, one can immediately recognise that the 2MRS en-
vironmental subsamples follow more closely the cosmic LSS
than their SDSS counterparts. For example, large filaments
are more starkly defined in the highest density 2MRS sam-
ple than in the highest density SDSS sample. At the same
time, galaxies in the lowest density 2MRS sample actively
avoid the locations of large filaments, an effect that is not
present in the corresponding SDSS sample (see figure 4).
4 CALCULATING HIMFS
The HI mass function (HIMF) is defined as the number
density of galaxies as a function of their HI mass, φ(MHI).
Galaxies span several orders of magnitude in terms of their
HI mass, so the HIMF is customarily measured in logarith-
mic mass intervals as
φ(MHI) =
dNgal
dV d log10(MHI)
. (3)
In the equation above, dNgal is the average number of galax-
ies in a cosmic box of volume dV , whose HI mass lies within
a small logarithmic bin centred around MHI.
Since the ALFALFA sample is (roughly) flux-limited,
the measurement of the HIMF is not a simple counting ex-
ercise. For example, there are many more detections in AL-
FALFA with MHI= 10
10 M⊙ than with MHI= 10
8 M⊙, but
the former sources can be detected out to much larger dis-
tances than the latter. Once the sensitivity limits of the
survey are known (Haynes et al. 2011, section 6), this effect
can be compensated for by weighting each source according
to the maximum volume over which it is detectable by the
survey (‘1/Vmax’ method).
The 1/Vmax method has the advantage of being intuitive
and simple to implement, but has one major limitation: it
is unbiased only if the galactic population is distributed in
an approximately uniform way within the survey volume.
This is definitely not the case for the ALFALFA survey,
where large-scale structure is clearly present in the spatial
distribution of galaxies (see figure 1). For this reason, we
use in this article a more sophisticated method to calculate
the HIMF, referred to as the ‘1/Veff ’ method (Zwaan et al.
2005). More specifically, the HIMF can be calculated within
logarithmic mass bins as
φi =
1
∆mHI
·
∑
j
1
Veff,j
, (4)
where the summation runs over all galaxies j that belong
to mass bin i. Accordingly, the counting error on the HIMF
can be calculated as
σ2φi =
1
∆m2HI
·
∑
j
1
V 2eff,j
. (5)
In the equations above, ∆mHI is the logarithmic width of the
mass bin (i.e. ∆ log10(MHI/M⊙)), while Veff,j is the ‘effective
volume’ available to galaxy j. The effective volume is deter-
mined through a maximum-likelihood statistical technique,
and takes into account both the survey sensitivity limits and
the fluctuations of galaxy counts with distance induced by
the large-scale structure in the survey volume. As a result,
the 1/Veff method is fairly robust against bias caused by in-
homogeneities in the spatial distribution of galaxies. Full de-
tails of the implementation of the 1/Veff method in the con-
text of the ALFALFA survey can be found in Martin et al.
(2010, Appendix B) and Papastergis et al. (2011, §3.1), and
references therein.
There are two important technical differences between
the measurement of the HIMF of various environmental sub-
samples in this work, and the measurement of the overall
c© 0000 RAS, MNRAS 000, 000–000
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Figure 6. Coneplots of ALFALFA galaxies belonging to the lowest density subsample (left panel) and highest density subsample (right
panel) of fixed aperture environment (refer to figure 5). The latter sample demonstrates that the fixed aperture method can be used to
probe the largest groups and clusters in the survey volume.
HIMF of ALFALFA (Martin et al. 2010). First, it is very
difficult to determine the actual survey volume occupied by
each environmental subsample (see figure 4). As a result, we
do not attempt to compute absolute normalisations for the
environmental HIMFs, but rather we compare the HIMF
shape among the various subsamples. Second, the spatial
distribution of different environmental subsamples can be
drastically dissimilar (see e.g. figure 6). As a result, the effec-
tive volumes for galaxies that belong to a specific subsample
are computed based on the spatial distribution of the other
subsample members only (rather than the whole ALFALFA
sample).
The method described above for the measurement of
the HIMF is fully non-parametric. However, previous stud-
ies (e.g. Martin et al. 2010; Zwaan et al. 2005, 2003) have
shown that the HIMF can be described very well by a spe-
cific functional form, referred to as the ‘Schechter function’
(Schechter 1976):
φ(MHI) =
dNgal
dV d log10(MHI)
=
= ln(10) φ∗
(
MHI
M∗
)α+1
e
−
(
MHI
M∗
)
. (6)
The Schechter function describes a power law of logarith-
mic slope α + 1 at the low-mass end (MHI ≪ M∗), which
transitions to an exponential drop off at the high-mass end
(MHI ≫ M∗). The parameter M∗ is therefore the value of
mass corresponding to the transition ‘knee’ of the HIMF,
while φ∗ controls the normalisation of the HIMF. In this
work, we determine the best fit Schechter parameters for
the measured HIMFs by ordinary least squares minimisa-
tion3. As explained in the previous paragraph, the value of
φ∗ in the environmental HIMFs is arbitrary, and only the
two shape parameters (M∗ and α) are physically relevant in
this case. Note that the two shape parameters are covariant,
such that the fit error is best depicted as an ellipse in the
{M∗, α} plane. Lastly, keep in mind that the errors on the fit
parameters depend on the errorbars of individual HIMF dat-
apoints. These errorbars are computed through Eqn. 5, and
represent the statistical counting error only. As a result, sys-
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Figure 7. Similar to figure 3, but referring to the environment
as defined by the 2MRS reference catalogue. Keep in mind that
in the case of 2MRS the nearest neighbour density is calculated
based on the distance to the closest neighbour (§3.4). Once again,
different colours (shades) mark the four quartiles of the distribu-
tion, increasing in density left to right.
tematic uncertainties are not included in the fit error values
quoted in this article. The robustness of the 1/Veff method
is discussed further in appendix C.
5 RESULTS
5.1 SDSS Reference Catalogue
The following subsection is concerned with the results ob-
tained when defining an ALFALFA galaxy’s environment
3 The best fit parameters are determined by the
scipy.optimize.curve fit routine written in the Python
programming language. The minimisation is performed in linear
space, assuming Gaussian errors with a magnitude determined
by Eqn. 5.
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Figure 8. Same as figure 4, but showing coneplots of the lowest (left panel) and highest (right panel) density quartiles of the 2MRS
nearest neighbour environment (see figure 7). Note that the 2MRS is an all-sky survey, and therefore it can be used to measure the
environment in both the Spring and Fall portions of the ALFALFA footprint.
based on the SDSS reference catalogue that extends from
500-15,500 kms−1/H0, this includes both the NN and FA
methods for defining environment (see §3).
5.1.1 Nearest Neighbour Density
The nearest neighbour density calculated by the 3rd SDSS
neighbour above the volume limiting absolute magnitude
cut was used to define quartiles of environment for the AL-
FALFA galaxies. The galaxies from each quartile were used
to calculate the HIMF for that environment (as described
in §4) and were compared to the HIMF calculated from all
four quartiles combined.
Figure 9 shows the HIMF for each of the four ALFALFA
quartiles (left) and the 2-σ errors ellipses of the fit to the
Schechter function parameters of each quartile (right). There
is a clear trend of the lowest environmental density quartile
(light blue) HIMF function falling below that of the full
sample at the high mass end, and this switches to lying
above it for the highest density quartile (dark red), with
the middle two quartiles falling between the two extremes.
There is also a much weaker dependence on the low-mass
slope, with the quartiles appearing to produce a marginally
flatter slope as the local density decreases.
Theses results seem to indicate that the ‘knee’ mass of
the HIMF is indeed a function of nearest neighbour environ-
ment (as defined by the SDSS reference catalogue in §3.2)
with the value of logM∗/M⊙ changing from 9.81 ± 0.02 to
10.00 ± 0.03 between the lowest and highest density quar-
tiles (of the ALFALFA sample). There is also a suggestion
of a trend in the low-mass slope, although this is much less
pronounced. The error ellipses in figure 9 appear to move
progressively further right (flatter low-mass slope) with de-
creasing density. However, this trend is not statistically sig-
nificant as all the ellipses overlap in α, indicating that they
are consistent within 2-σ. Fitting a vertical line (fixed α
value) to the ellipses results in a reduced χ2 value of 1.2, in-
dicating that assuming no change in α is a reasonable model
for the data (the equivalent χ2 value, assuming no change
in M∗, is 13). It should also be noted that the Schechter fit
is based only on the counting errors when calculating the
HIMF, thus the error ellipses are likely underestimates of
the true errors, as they do not include distance uncertainties
(probably the largest single source of error). Furthermore,
this apparent shift is in the direction that you would expect
α to be driven by the change in M∗, due to the covariance
between the two parameters. This is also opposite to the
trend between environment and α that is expected (steeper
in low density environments).
5.1.2 Fixed Aperture Environment
In Figure 10 we show the measured HIMFs and error el-
lipses for four environmental subsamples defined via the
fixed aperture method (refer to §3.3). In particular, the four
sub-samples correspond to galaxies that belong to the lowest
density FA environment (zero neighbours within the fixed
aperture), and galaxies that belong to the 25%, 10% and
5% densest environments in terms of FA neighbours. Fig-
ure 10 shows that there is no clear dependence of the low-
mass slope on environment, in agreement with the findings of
§5.1.1. However, the environmental dependence of the ‘knee’
mass is more complicated than before. In particular, we do
observe a shift in the value of M∗ between the lowest den-
sity and 25% densest FA sub-samples, that is compatible
with the trend seen in figure 9. However, the trend does
not extend consistently to the two highest density FA sub-
samples; instead the value ofM∗ for the 10% and 5% densest
FA sub-samples is actually slightly lower than for the 25%
sub-sample.
At first glance, the results of figures 9 and 10 regarding
the environmental dependence of M∗ may seem inconsis-
tent with each other. However, this is most probably not
the case, because the two densest FA subsamples probe a
c© 0000 RAS, MNRAS 000, 000–000
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Figure 9. Left panel : The HIMFs of each environment density quartile in the ALFALFA sample. The solid coloured lines represent
Schechter function fits of each quartile in nearest neighbour density, calculated using the 3rd nearest neighbour in the associated SDSS
catalogue. In order of most to least dense they are dark red, gold, green, light blue, or equivalently, top to bottom (or dark to light
shades). The dashed grey lines show the HIMF of the full sample, and are offset to aid readability. The error bars represent the counting
errors only, and neglect errors in the input masses and velocity widths. Right panel : The 2-σ error ellipses of the Schechter function fit
parameters of the HIMFs in the left plot. The colour scheme is identical to the left plot and the hatching styles are as follows: positively
sloped, vertical cross, diagonal cross, negatively sloped, in order of increasing density quartiles. The grey filled ellipse represents the fit
to the full sample.
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Figure 10. Left panel : The HIMFs of each environment defined by the fixed aperture method in the ALFALFA sample. The solid
coloured lines represent the Schechter function fits of the four different environments, those with 0 neighbours within the fixed aperture,
with 3 or more, 6 or more, or 9 or more. The respective colours are green, crimson, purple, and black or equivalently, bottom to top
(or light shades to dark shades). The last three of these samples approximately corresponds to the 25, 10 and 5 percent most dense
environments. The dashed grey lines show the HIMF of the full sample, and are offset to aid readability. The error bars represent the
counting errors only. Right panel : The 2-σ error ellipses of the Schechter function fit parameters of the HIMFs in the left plot. The colour
scheme is identical to the left plot and the hatching styles are as follows: positively sloped, vertical cross, diagonal cross, negatively
sloped, in order of increasing density quartiles. The grey filled ellipse represents the fit to the full sample.
higher density regime than the fourth quartile of NN envi-
ronmental density (refer to §3.3). We therefore interpret the
observedM∗ trend with FA environment as the result of HI-
deficiency affecting galaxies in the highest density regions of
the ALFALFA volume. According to this interpretation, the
extrapolation of the environmental M∗ trend observed for
the NN subsamples into the highest density environments
fails, because the processes responsible for HI-deficiency in-
hibit the formation of galaxies with high HI masses in these
crowded environments.
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Figure 11. Identical to figure 9 except that here nearest neighbour environment quartiles are defined using the first neighbour in the
2MRS reference catalogue.
5.2 2MRS Reference Catalogue
The 1st nearest neighbour in the volume-limited 2MRS cat-
alogue was used to define quartiles of environmental density
for the ALFALFA galaxies (refer to §3.4). The ALFALFA
sample that can be used in the 2MRS analysis contains
about 50% more galaxies than the sample used in the SDSS
analysis, as 2MRS is all sky survey. Figure 11 shows the
HIMF Schechter parameters calculated for each quartile of
neighbour density (in 2MRS). Despite having a greater num-
ber of sources to compute the HIMFs, and therefore smaller
error ellipses, no consistent trend in either M∗ or α is evi-
dent; all four quartiles are consistent with the global sample
at 2-σ confidence. This result has been checked to be ro-
bust against cosmic variance and the colour of the reference
sample (see appendix for details).
The fundamental difference between the SDSS-based
and 2MRS-based environmental measures is the scales that
they probe. As argued in §3.4, the environment defined us-
ing 2MRS is probing a larger scale than that defined using
SDSS. This is because 2MRS is a shallower survey, which
leads to larger separations between sources. In addition, us-
ing the 2MRS catalogue to define the environment results in
a better separation of our ALFALFA sample based on the
position of galaxies in the LSS. For example, filaments and
clusters are starkly defined in figure 8 (right panel), while in
the left panel there are clear gaps in the corresponding posi-
tions. Given these differences between environment defined
using SDSS and 2MRS, and the fact that a trend between
environment andM∗ is only measured when using SDSS, the
most straightforward interpretation of our results is that an
HI-selected galaxy’s characteristic HI mass (M∗) increases
with the density of its local environment, but is independent
of its position relative to large scales structures. In addition,
we find that the faint end slope of HI-selected galaxies is uni-
versal, having no significant dependence on any measure of
environment we explored.
6 DISCUSSION
The notion that local environment is the primary factor for
determining a galaxy’s properties is not a new idea, in fact
it is the fundamental assumption underlying the very suc-
cessful HOD formalism. There are also optical based ex-
periments which have found similar results: Berlind et al.
(2005) compared simulations and the SDSS to demonstrate
that galaxy properties are strongly correlated with the host
halo mass, and that this is the parameter that most envi-
ronment measures based on local galaxy density, are trac-
ing; Blanton et al. (2006) studied the environment of SDSS
galaxies on different scales and found that only environment
within ∼1 Mpc is important for determining a galaxy’s star
formation rate and colour. Our results fit well with these the-
oretical and optical results, however there are still a number
of tensions with theory and other HI observations. Below
we review some literature results regarding the environmen-
tal dependence of the HIMF and discuss cases where there
exists tension between these studies and the results of this
work.
6.1 Comparison with previous HI survey results
The first study on the environmental dependence of the
HIMF based on a large-area blind HI survey was performed
by Zwaan et al. (2005), using the HIPASS dataset. Contrary
to our results, they found that the low-mass slope, α, be-
comes steeper with increasing environmental density, while
the ‘knee’ mass, M∗, is roughly independent of the envi-
ronment (see their figure 3). The comparison between the
HIPASS result of Zwaan et al. (2005) and the ALFALFA
result obtained in §5 is not straightforward, because the
two studies define the NN environment in different ways.
In particular, Zwaan et al. (2005) find neighbours for the
HIPASS galaxies in the HIPASS catalogue itself. This de-
cision was dictated by the fact that there is no large-area
spectroscopic survey at optical wavelengths that covers the
HIPASS footprint. As explained in §3.1, this neighbour def-
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inition makes the consistent computation of environmen-
tal density throughout the survey volume very difficult to
achieve in practice. In Appendix B we show that if an envi-
ronmental trend in α, equivalent to that found in HIPASS by
Zwaan et al. (2005), was present in the ALFALFA dataset,
it would have been easily detected by the current analysis.
Another important difference between the HIPASS and
ALFALFA nearest neighbour definitions is the scale over
which they probe the environment. More specifically, the
HIPASS catalogue is much sparser than the SDSS reference
catalogue used for environment definition in this work. If not
due to the observational limitations therefore, the HIPASS
trend should be driven by the large-scale environment of
galaxies, rather than the local environment probed in this
article. However, this interpretation of the HIPASS result is
also open to question. For example, Moorman et al. (2014)
have recently measured the HIMF separately for the AL-
FALFA galaxies that reside in voids and for those that reside
in walls/filaments. They find a difference in the HIMF mea-
sured for the two environmental samples that is similar to
the environmental trend found in §5.1.1. In particular, the
wall/filament HIMF has a higher ‘knee’ mass than the void
HIMF, but only a marginally steeper low-mass slope (refer
to their figure 8). Given that the Moorman et al. (2014) en-
vironment definition also refers to large scales (∼10 Mpc),
their result seems to contradict the HIPASS finding.
Our results make an intriguing addition to those of
Moorman et al. (2014) because we detect a very similar
trend in M∗, but associated with local, rather than large
scale, environment. The reason for this apparent contradic-
tion is not clear, however we note that it could be resolved if
the separation of galaxies between void and wall objects in
Moorman et al. (2014) is correlated with the local environ-
ment of the galaxies more than naively expected based on
the size of these cosmic structures; in that case, it would be
natural for the Moorman et al. (2014) result to be closely
related to the result obtained by considering SDSS-based
local densities.
An additional complication is added by the fact that the
Moorman et al. (2014) trend is not detected in the present
work when environment is defined on relatively large scales
with 2MRS-based densities (see §5.2). Again, the reason for
this tension is not entirely clear, although (as above) if the
void and wall samples of Moorman et al. (2014) were suffi-
ciently correlated with local density, then a trend associated
with local environment could be masquerading as one with
large scale environment – a false trend that we would not
necessarily expect to see with 2MRS neighbour densities.
Alternatively, it is possible that 2MRS could be missing the
large scale component of a real trend associated with both
local and large scale. 2MRS clearly separates out the dens-
est LSS into the 4th quartile of neighbour density, but if the
separation between the remaining 3 quartiles was extremely
noisy, then trends could be suppressed.
6.2 Comparison to the HIMF in groups
Freeland, Stilp & Wilcots (2009);
Kovac, Oosterloo & van der Hulst (2005); Pisano et al.
(2011); Verheijen et al. (2001) studied the HIMF in galaxy
groups and all came to essentially the same conclusion;
that the low-mass slop is flat in groups. Given these
consistent findings, it is perplexing that we see no evidence
for variation of the low-mass slope, as in the field it has
been shown by both HIPASS (Zwaan et al. 2005) and
ALFALFA (Martin et al. 2010) that it is not flat (both
surveys measure α ≈ −1.3).
Assuming that a non-negligible fraction of ALFALFA’s
detections are galaxies in groups (Hess & Wilcots 2013,
find that approximately 25% of ALFALFA galaxies are in
groups), such that any trend would not be drowned out, then
the findings above suggest that the nearest neighbour defi-
nition of environment is not consistently separating groups
from the rest of the sample. If this were not the case, then
there would need to be an inconsistency in how the wide field
and targeted surveys are calculating the HIMF, in order to
explain these seemingly contradictory findings.
This apparent shortcoming in the nearest neighbour
method could be explained if the surface number density
of galaxies in groups is approximately independent of group
size. As our method cannot distinguish regions of the same
surface density, under these assumptions, it would be inca-
pable of separating groups of different sizes and we would
be blind to any trend associated with group size. Therefore,
if the low mass slope varies with group size, our analysis
might not reveal this. Alternatively, as the surveys which
have measured a flat low-mass slope in groups are mostly
interferometric surveys (that resolve many of their sources),
an uncertain detection threshold associated with HI surface
density could result in an erroneous slope. A more detailed
study of the HIMF in groups is required to test these hy-
potheses and compare the two existing methodologies.
7 CONCLUSIONS
We have used the 70% ALFALFA sample to search for de-
pendence of the HIMF on galactic environment. In par-
ticular, we defined the environment of ALFALFA galaxies
based on the neighbours found in both SDSS and 2MRS vol-
ume limited reference catalogues. We find that the Schechter
function ‘knee’ mass (logM∗/M⊙) is dependent on environ-
ment, with its value shifting from 9.81±0.02 to 10.00±0.03
between the lowest and highest density quartiles. However,
this dependence was only observed when defining environ-
ment based on the SDSS reference catalogue, not 2MRS.
Using a fixed aperture measure of environment with SDSS,
we also found tentative evidence for a decrease in M∗ in the
highest density environments, in agreement with the notion
that galaxies in clusters should become HI-deficient.
In §3 we demonstrated that using our approach, 2MRS
both measures environment on a larger scale than SDSS,
and is more effective at separating large scale structures
into different environment density quartiles. This strongly
suggests that the dependence we are seeing is on local en-
vironment, rather than large scale, supporting the funda-
mental assumption of the HOD formalism, that a galaxy’s
properties are only dependent on the mass of its host halo.
However, this is in tension with a previous ALFALFA-based
study (Moorman et al. 2014) which found a similar trend in
M∗, but based on separating galaxies which reside in walls
and voids.
Although the true resolution remains unclear we offered
two potential explanations for this discrepancy between our
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results and those of Moorman et al. (2014). If void and wall
environments are sufficiently correlated with local densities
such that trends are expected with either definition of envi-
ronment, then the results would be in agreement. Alterna-
tively, if the 2MRS densities used in this paper were to be
incapable of distinguishing low density environments then
trends associated with large scales might be hidden from
our analysis.
In all of the tests we performed we detected no sig-
nificant dependence of the the low-mass slope (α) on en-
vironment. Again, this appears in conflict with existing re-
sults, both from HIPASS (Zwaan et al. 2005) and from sev-
eral studies of galaxy groups (which measure α ∼ −1). The
steepening of α with denser environments that was observed
in HIPASS is not directly comparable to this article due
to different methodology (see §3.1), and in appendix B we
demonstrate that we would be capable of detecting an equiv-
alent trend if it existed in our data. As an explanation to
resolve the tension with the findings of group HI studies, we
suggest that the inability of the nearest neighbour environ-
ment to separate different sized groups of the same projected
surface density, might be responsible for our null result. If
the low-mass slope was a function of group size and most
groups had similar surface densities, then this would ex-
plain the observations. An alternative explanation could be
inconsistent methodologies resulting from uncertain surface
brightness limits in narrow field surveys. A more complete
understanding of the HIMF in groups is needed to test these
hypotheses.
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APPENDIX A: ROBUSTNESS OF RESULTS
A1 Impact of Confusion
In Jones et al. (2015) we warned that source confusion acts
to increase the observed value of M∗, and that as confu-
sion is undoubtedly a function of environment, caution must
be used when looking for environmental trends in that pa-
rameter. The shift observed here is approximately 0.2 dex,
whereas in Jones et al. (2015) the maximum shift created
by confusion in an ALFALFA-like survey was estimated to
be 0.06 dex. This indicates that confusion is very unlikely
to be the source of the trend detected.
A2 Testing Cosmic Variance
To test whether the results were biased by the particular
directions the ALFALFA survey mapped we carried out two
additional tests. The first was to simply eliminate the Virgo
cluster. The Virgo cluster is the most dominant nearby, large
scale feature in the Spring sky (where there is also SDSS
coverage), and due to its proximity it raises the question of
whether we can detect systems there that we would never
see if it were at a distance more typical of the other clusters
in the survey, and whether this might bias our results. By
removing all sources with recession velocities less than 3,000
kms−1, we remove almost all those objects associated with
Virgo, and repeat our analysis.
Though clipping the inner 3,000 km s−1 of the data
severely impacts our ability to constrain the low-mass slope,
the trend in the ‘knee’ mass is still preserved, indicating that
the exceptional location of Virgo is not the driving force be-
hind this result.
The second test of cosmic variance involves comparing
the Spring and Fall skies. As there is little spectroscopic
SDSS coverage in Arecibo’s Fall sky, this must rely on com-
parison with 2MRS. As shown in §5.2 when all of ALFALFA
70% is considered with environment defined using 2MRS
there is no apparent trend in M∗ or α with environment.
This could either be due to the previous trend being a prop-
erty only of the Spring sky (cosmic variance) or due to the
differences between 2MRS and SDSS as reference catalogues.
To assess which it was the same analysis was repeated again,
but now only considering ALFALFA sources in the Spring
sky. As before, when environment is defined by 2MRS, there
is no apparent trend in M∗ or α, suggesting that the trend
observed with SDSS is indeed real and not due to cosmic
variance, and that that apparent lack of such a trend with
environment define by 2MRS is due to differences in the
galaxies detected in those two surveys.
A3 Independence and Covariance
In order to ensure that our findings are not dependent on the
exact magnitude limits we set to make the SDSS and 2MRS
catalogues volume limited, we repeated our analysis with
three additional samples with ranges of 1,000-6,000, 1,000-
8,000, and 1,000-12,000 kms−1/H0 in ALFALFA, and an ad-
ditional 500 kms−1/H0 at either edge in SDSS and 2MRS.
The trend in M∗ shown in figure 9 appears in all three addi-
tional samples when compared to SDSS (but not any 2MRS
reference sample), although the error ellipses become pro-
gressively larger as the samples get smaller. The apparent
shift in α is also persistent across all the different ALFALFA
samples, suggesting that it is statistically significant. How-
ever, not only should caution be used because α andM∗ are
highly covariant (and the assumed Gaussian errors likely do
not fully encompass this dependence), but the four samples
themselves are not independent because the galaxies in the
1,000-6,000 kms−1 catalogue are contained within the other
three. While this latter point is unimportant for fitting M∗,
as those galaxies are detectable by ALFALFA throughout
all the samples, the galaxies in the 1,000-6,000 km s−1 cat-
alogue dominate the low-mass population. Therefore if the
trend in α with environment is not significant in the main
sample (as was shown in §6), then it is not significant.
We also wished to check that the difference between
the SDSS and 2MRS definitions of environment were due
to the scale probed and not the colour of the reference
population. To do this the SDSS catalogue was split into
blue and red sub-catalogues, with the division occurring at
u − r = 2.2. The third nearest neighbour environment was
then re-calculated for the red and blue reference catalogues
separately. The trend in M∗ remained significant in both
samples, though the range ofM∗ was marginally larger when
environment was defined by the blue population. The modal
values of the neighbour densities were equivalent between
the red and blue nearest neighbour environments, with the
distribution of densities defined by the red population show-
ing a slightly longer tail towards high density.
APPENDIX B: HIPASS LOW-MASS SLOPE
TREND
Other than studies based on ALFALFA, the largest sample
used to study the variation of the HIMF with environment
was carried out with the HIPASS dataset (Barnes et al.
2001). In particular, Zwaan et al. (2005) found that the
HIMF low-mass slope, α, becomes steeper in higher den-
sity environments (see their figure 3). On the other hand,
they found no trend of M∗ with environmental density. In
this section, we try to assess whether the presence of such
an environmental trend would be detectable in the 70% AL-
FALFA sample. In order to do that, we first divide the sam-
ple into five equally spaced logarithmic bins in local density.
We quantify the local density as described in §3.2, i.e. by
considering the 3rd nearest neighbour in the SDSS reference
catalogue. Note that the environmental division scheme con-
sidered here tries to reproduce the one used in Zwaan et al.
(2005), and it is not the same as the one used to create our
Figure 3. In particular, here we split galaxies into five log-
arithmic density bins of equal width, while Figure 3 refers
to four environmental sub-samples defined such that each
contains the same number of objects.
We then create five mock samples, each consisting of
approximately the same number of objects as one of the
five real environmental subsamples in ALFALFA. The five
mock samples are further created to reproduce the large-
scale structure observed for their corresponding ALFALFA
subsample. The mock samples mimic the environmental de-
pendence of the HIMF found by HIPASS: the low-mass slope
ranges from α = −1.2 for the lowest density subsample to
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Figure B1. Top row : HIMFs (left panel) and Schechter parameter error ellipses (right panel) for the five environmental ALFALFA
subsamples defined in Appendix B. The layout of the figure follows the layout of figure 9, where HIMF colours from black to light blue
(dark shades to light shades, and HIMF positions from top to bottom) correspond to subsamples of progressively lower environmental
density. Bottom row : Same as the top row, but for the five mock environmental subsamples, which are created to mimic the HIMF trends
reported by Zwaan et al. (2005) based on the HIPASS dataset (see Appendix B for details). The figure demonstrates that, if the HIMF
trend claimed by Zwaan et al. (2005) were present in the ALFALFA sample, it would have been easily detected.
α = −1.52 for the highest density one, while the ‘knee’ mass
is kept fixed at log(M∗/M⊙) = 9.94.
We measure the HIMF in each of the five real and each
of the five mock environmental subsamples, always using the
same methodology (refer to Sec. 4). The result is shown in
Figure B1: The upper row shows the five HIMFs for the real
environmental subsamples in ALFALFA, while the bottom
row shows the HIMFs measured for the five mock samples.
As expected based on the results of §5.1.1, we see in the top
row a clear trend of increasing M∗ value in higher density
environments, and no significant environmental trend in α.
On the other hand, the bottom row reproduces very well
the HIPASS-like environmental trend used to create the five
mocks; the low-mass slope becomes steeper with increasing
environmental density, while there is no significant environ-
mental dependence of M∗. Figure B1 demonstrates that if
an environmental dependence of the HIMF similar to what
measured by HIPASS were indeed present in the 70% AL-
FALFA catalogue, it would have easily been detected in our
current analysis.
At the same time, keep in mind that the comparison be-
tween the HIPASS and ALFALFA results is subject to one
caveat. In particular, the HIPASS trend was detected when
the environment was defined in terms of the 3rd, 5th and
10th nearest HIPASS neighbour (Figure 4 in Zwaan et al.
2005). However, the HIPASS HI-selected sample is much
sparser than the SDSS reference catalogue used to calcu-
late 3rd nearest neighbour densities for ALFALFA galaxies.
It cannot be excluded therefore that the trend observed by
HIPASS is present only when environment is defined on very
large scales, but is absent when local environment is consid-
ered. Please refer to §6.1 for a more thorough discussion of
the tension with the HIPASS result.
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APPENDIX C: ROBUSTNESS OF THE HIMF
TO LSS
There is substantial deviation from a uniform distribution
of galaxy positions in the ALFALFA sample due to the
LSS in the nearby Universe, therefore it is important to
confirm that the 1/Veff method for calculating the HIMF
(see §4) is robust to such deviations. To check this we used
the methodology of Jones et al. (2015) to create a uniform
mock catalogue of approximately 15,000 HI sources. A sec-
ond catalogue was produced by adding Gaussian overden-
sities of sources at distances of 20 and 100 Mpc, in order
to simulate the Virgo cluster at the Great Wall, two ma-
jor structures in the ALFALFA footprint. Finally, a third
catalogue was made with sources removed from around 100
Mpc to create an effective void. Each of these three mocks
was generated 30 times with input Schechter function shape
parameters α = −1.30 and M∗ = 9.95. The mean val-
ues derived from the samples using the 1/Veff method were
α = −1.28±0.01 andM∗ = 9.96±0.01, α = −1.27±0.01 and
M∗ = 9.96±0.01, α = −1.27±0.01 andM∗ = 9.96±0.01, for
the uniform mock, mock with overdensities, and the mock
with a void, respectively. Similar experiments were carried
out for a variety of input parameters (α and M∗) and gave
equivalent results.
These results illustrate two important points: a) the
1/Veff method appears to be very robust against density
deviations along the light of sight, b) the method has a
slight systematic bias towards flatter low-mass slopes at the
level of the second decimal place. This bias in the max-
imum likelihood methods has been known for some time
(e.g. Efstathiou, Ellis & Peterson 1988; Willmer 1997) and
is not presently a major concern given our level of precision,
however for future surveys with larger datasets a different
estimator may be required.
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